INTRODUCTION 1
Ghost crabs of the genus Ocypode are so called semi-terrestrial species 2 [6, 11, 19, 21, 23, 25] . These crabs are frequently found in tropical to sub-tropical areas 3 along the sandy coasts of the world, starting from American Atlantic through the 4 Mediterranean, Red Sea to American Pacific and Indo-Pacific regions [11, 19, 27] . O. 5 ceratophthalma and O. rotundata are commonly distributed in the Indo-Pacific region, 6
found in large quantities above the high tide mark on sandy shores [1, 6, 7, 10, 19, 20, 27] . 7
These species are prominently macroscopic invertebrates inhabiting the sandy beaches 8 found along the coasts of Pakistan. 9
Ghost crabs are relatively large invertebrates typically nocturnal, but their 10 juveniles can also be seen during day time because they do not have capability to spent 11 much time inside their burrows. As they are nocturnal species they feed during night 12 time. They have ability to feed on any type of food (such as, macroscopic, microscopic, 13 live or dead animal or plant materials or sometimes they are called scavengers [26] . 14 Those marine organisms living in soft sediments of marine coastal area have 15 developed a burrowing adoptability which is commonly found in the invertebrates [22] . 16 Burrows can be constructed by ghost crabs in different shapes and sizes then symbolised 17 through their alphabetical terms such as J-, Y-, U-shaped which purely depends on 18 sediment properties, tidal level and shore types [5, 6] . Ghost crabs can construct deep 19 and complex burrows may be as deep as 2 m [10] which provide shelter against climatic 20 extremes and predators and serve as sanctuary during molting and motherliness [6, 13] . 21
The burrow openings of ghost crabs are circular with accumulated sand mounds and are 22 often surrounded by intense feeding lines left by the crabs [5, 6] . There are clearly visible 23 entrances of a ghost crab on the surface of sandy beaches which are maintained as 24 territory [24] by which counting of these holes can help to measure the densities of ghost 25 crab easily [13, 15] . 26
The coastlines of the world are dominated by sandy beach ecosystems [3, 14] . By 1 increasing the population of human beings, the natural habitats of sandy beaches are 2 being destroyed at the accelerating rate [9] . Coastal development caused by human 3 activities effects on the extensive alterations in the coastal beaches. Ghost crabs can be 4 used for the assessment of human impact on the beach environment [2] because they are 5 most important part of food chain on sandy beaches. 6
The history shows that the species belong to the genus Ocypode [25] were studied 7 comprehensively for their behaviour and physiology but studies regarding burrow 8 morphology are limited [6, 22] . In Pakistan, the significance of ghost crab burrow 9 morphology and relative growth analysis on existent beaches has not been explored yet. 10
It is under the author's knowledge that no previous work has been done so far on burrow 11 morphology and relative growth analysis on the genus Ocypode [25] along the coast of 12 Karachi, Pakistan. 13
14

MATERIALS AND METHODS 15
Study area 16
There is about 990 km [17, 18] of the coast line of Pakistan in which the Karachi coast 17 comprises of 100 km [18] , where the detailed study was carried out. The beach of 18 Sandspit (24º 50'N, 66º 56'E) is covered by wide areas of mangrove on its back shore. 19 The backshore and foreshore are separated by a wide strip of road which connects the 20
Hawksbay coastline with Manora beach [12] Sandspit in between them. The total 21 distance from Hawksbay to Manora is about 20 km [12] . The study was carried out on 22 two different stations of Sandspit (S1) opposite to WWF regional office and (S2) near 23 the CEMB laboratory. These sites can easily be reachable, associated with the large 24 population of ghost crabs. These are habitually nesting sites for green turtle Chelonia 25 mydas [12] . 26 their burrows and could not emerge out because of the depth and branching of the 1 burrow and immediate drying effect of the cast. The casts were excavated carefully as 2 they become solidified and carefully taken to the laboratory then measurements of 3 burrow proportions were carried. The casts were cleaned prior to measurement through 4 brush to remove excess sediments. The complete casts were used for the further 5 analysis. Burrows were sorted according to their concerned species and shapes. Burrow 6 counts and cast filling were replicated during each visit, the purpose of this replication to 7 test the human disturbance over time. 8
Sediment analysis 9
To observe the variation in the sediment structure sediment samples were taken nearby 10 to the casting area from the depth of 30 cm for each quadrate replicate, to determine the 11 sediment properties. Sediment analysis was carried out in laboratory to observe the 12 percent organic matter and grain size of sediment through the oven, furnace and sieves 13 with different mesh sizes respectively [18] . For percent organic matter, 200-g sediment 14 taken into pre-weighted crucibles then placed into the oven at 70ºC for 5 hrs, then 15 weighted again and positioned in a furnace at 400ºC for 24 hrs after that weighted again 16 and data was used for statistical analysis. 17
For the grain size analysis, sediment was dried at room temperature and treated to have a 18 permanently wrinkled appearance. About 100 g of sediment sample were taken from a 19 dried sample of sediment and sieved through the sieve machine by keeping standard 20 mesh sized sieve (Fig. 5) . Time was kept constant during the sieving period about 15 21 minutes for getting perfect results. The sediments retained on each sieve were collected 22 and weighted then collected data was statistically analyzed to obtain the percent grain 23 size. 24
Anthropogenic impact 25
For the purpose to explore the anthropogenic impact on ghost crab population the 26 involvement of human activities on sandy beaches was observed; that can greatly cause 27 the reduction in crab density. About 20-m area from each site of Sandspit (S1 and S2) 1 selected and one reference site selected which was most populous site and regularly 2 visited site by humans for picnic. The ghost crab densities were calculated by counting 3 the number of active burrow openings on the beach surface once visited the site. In each 4 section burrows counted from the selected zone through line transect method. 5
Measurement was taken from upper shore limit to the lower shore limit. Four lines were 6 positioned in each limit (4 in upper shore limit and 4 in lower shore limit) and burrow 7 densities were made as the number of burrows per line. Burrow counts were replicated 8 during each visit, the purpose of this replication to test the human disturbance over time. 9
This study was carried out 8 times in each year (2011 & 2012) during two times of each 10 month (March, April, August and September). 11
Statistical analysis 12
Following analysis was carried out by using the MS Excel (ver. 2013), Minitab ver. 17 13 and SPSS ver. 16: Regression, correlation with burrow structure, t-test was employed 14 between two stations. Descriptive analysis and One-way ANOVA were employed to the 15 data obtained during experimental work (i.e., burrow morphology, crab morphology, 16 sediment structure and anthropogenic analysis). 17
The regression analysis (y = a + b x) was used for the study for morphometric analysis 18 of each population (male and female) where (b) designates the slope and (a) as a Y -19 intercept. The t-test was employed to observed the difference between means of two 20 different sites. The descriptive analysis was used for both populations' data to 21 investigate the basic difference and to observe the maximum minimum ratio of all 22 variables along with their means and standard deviation. The One-way ANOVA that 23 was employed with the supporting null hypothesis that states the populations of genus 24
Ocypode from two different sites were same. 25
For the burrow morphology analysis following variables were used for the analysis: total 26 burrow length (TBL), total burrow depth (TBD), opening diameter of burrow (ODB), 27 branch (shaft) length (BL), burrow distance from sea (BDS). For relative growth 1 analysis only 6 morphological characters were selected: carapace length (CL), carapace 2 width (CW), enlarged chela length (EnL), enlarged chela width (EnW), abdominal 3 length (AbL) and abdominal width (AbW). For Sediment Analysis percent of organic 4 matter, and grain size were observed. And finally, for anthropogenic impact every visit 5 burrows were counted from the selected area to identify the impact of humans over the 6 burrows. casts J-and L-shaped (4 and 6 burrow casts respectively) (Figs. 1, 3) . The maximum 21 number of collected casts were straight in I-shaped (32%); while the minimum number 22 of collected, casts were Network (3%) that were only observed in the O. rotundata (Fig.  23   1 ) . 24
Through regression analysis burrow opening diameter and total burrow length showed 25 positive allometric relation with carapace length in O. rotundata (R 2 = 81.2%) in both 26 variables respectively. While in O. ceratophthalma positive allometric relation was 27 observed in burrow opening diameter with carapace length (89.2%) while isometric 1 relation was observed in total burrow length with carapace length (R 2 = 89.2%) (Figure 4  2 a-d). Other comparative variables were also used for regression analysis where carapace 3 width was used as independent variable (Table 2) . 4
A two-sample t-test was employed on the basis of statistical hypothesis in which the 5 mean of two populations were examined. A two-sample t-test was observed to compare 6 whether the average difference between two populations is really significant or if it is 7 due instead of indiscriminate chance. A significant difference (0.007 and 0.001) was 8 observed in both species O. ceratophthalma and O. rotundata regarding carapace width 9 (35.44±2.81 and 45.76±1.14) and carapace length (29.96±2.24 and 40.23±1.57) 10 respectively. 11
The J-shaped burrows had the smallest volume with a mean opening diameter (OD) of 12 38.31 mm in O. rotundata (Fig. 2, Table 4) ; whereas in O. ceratophthalma Y-shaped 13 burrows showed the smallest OD of 52.21 mm (Fig. 3, Table 3 ). The primary and 14 secondary arms joined together into a straight shaft and ended up in a chamber at the 15 base (Fig. 2, 3 crabs with mean carapace length 37.6 mm (Table 3 ; Fig. 2, 3) . 20
The maximum (62 mm) of carapace length was observed from the I-shaped cast; while 21
Network shaped cast was observed (26.00 mm) (Table 3, Fig. 1 
). O. ceratophthalma 22
showed the maximum number of the cast structure in C-and Y-shaped with 15 and 14 23 casts respectively (Fig. 1, Table 3 ). Both cast structure (C and Y) showed a maximum 24 number of carapace length with (56 and 58 mm) ( Table 3 showed isometric correlation with carapace length (R 2 = 72.5%) (Fig. 4 a-d) . A 7 comparison of the morphological parameters of the sampled burrows reveals the 8 contrasting burrow architecture between two species of Ocypode. These findings 9
indicate that morphological variations in these burrows may enable the differentiation of 10 species habitat in the site. 11
Sediment analysis: 12
Sediment analysis was carried out to obtain the percent organic matter and percent grain 13 size. The yearly grain size analysis results the maximum amount of fine sand observed 14 from both sites among which fine sand observed to be about 70% of total sand from core 15 6 (C6). The minimum amount coarse slit sand not more than 2% from any core, site or 16 year was observedб details given in the figure 4 and 5. This analysis showed the 17 significant difference during the period (Fig. 5, Table 4 ). The grain size analysis showed 18 that the maximum amount of grain found in fine sand of two sieve 57.04% (2.5Φ, 3.0Φ). 19
Anthropogenic impact 20
Both selected sites were observed to be lower impact of human population for bathing 21 and picnicking due to construction of private huts throughout the coastal belt. But the 22 number of people increased during the weekend days (Saturday and Sunday). Both sites 23 are morphologically similar, burrow density was analysed through One-way ANOVA 24 and descriptive analysis was used to express the difference between the two sites. The 25 analysis showed that the distribution of burrow densities varied considerably with grades 26 of human disturbance (S1 and S2) but no any significant difference was observed in 27 positions across the shore as shown in Table 5 . The reason for not showing any 1 significant difference that the selected sites were not frequently visited by public due to 2 private huts which are constructed throughout the coastline which cause the public 3 restricted area for bathing and picnicking which showed a significant difference (P 4 =0.008) which was used as reference site. Importantly distribution of burrow densities 5 showed variation with sequential changes during every visit which describes that 6 number of burrow densities change in space and time which may lead to the cause of 7 anthropogenic impact. The data showed (Table 5 ) number of burrows decrease by the 8 passage of time due to increased number of human activity over the beach. 9
DISCUSSION 10
The identification of these two species by the current study was featured by using the 11 available identification keys and these both species were commonly found abundantly 12 along the both selected stations. Both stations were showing major difference in terms of 13 their tidal height and sediment properties ( Total 106 casts were observed, which shows that most casts were collected O. rotundata 20 60 species (55.66%) while the O. ceratophthalma 39 species (36.79%) remaining 8 21 species (7.55%) were unknown casts where no occupants were observed (Table 3) . 22
When the cast structure was compared with these two species I-shaped and N-shaped 23 structures were only found in O. rotundata and C-and Y-shaped structure were found in 24 O. ceratophthalma which clearly distinguishes the two-different species according to 25 their burrow structure. Now these species can easily be identified according to their 26 burrow structure. 27
Space and food are two fundamental resources required by organisms that provided by 1 the sediment which supports the predominantly space for the burrowing and deposited 2 food for organisms. Particle size can also regulate the dispersal and stratification of 3 crabs by manipulating the organic matter that the grainier sediments usually have greater 4 amount of organic content then other type of sediment [17] . Sediment percent grain size 5 showed 70 to 95% sediment were fine to medium sand at both stations. The dispersal of 6 particle sizes within a substratum is designated by sorting and skewness features [4] . 7
The sorting co-efficient can be classified as moderately well sorted to moderately sorted 8 at both stations. 9
Sandspit beach comprises of ghost crabs are dominant and can be placed as top 10 carnivores. This is the first report of burrow morphology and distribution of ghost crabs 11 along the coastal areas of Pakistan. Ghost crabs inhabit the vast intertidal zone of almost 12 all sandy areas of world frequently tropical to sub-tropical areas. 13
The ghost crabs are observed to be found on fine to medium grain sized sediment. The 14 ghost crab density, distribution and zonation can be influence by many other factors 15 such as competition (interspecific or intraspecific) along with temperature and light [8] . 
